Abstract. In this study, a detailed model of an urban landscape has been re-constructed in the wind tunnel and the flow structure inside and above the urban canopy has been investigated. Vertical profiles of all three velocity components have been measured with a Laser-Doppler velocimeter, and an extensive analysis of the measured mean flow and turbulence profiles carried out. With respect to the flow structure inside the canopy, two types of velocity profiles can be distinguished. Within street canyons, the mean wind velocities are almost zero or negative below roof level, while close to intersections or open squares, significantly higher mean velocities are observed. In the latter case, the turbulent velocities inside the canopy also tend to be higher than at street-canyon locations. For both types, turbulence kinetic energy and shear stress profiles show pronounced maxima in the flow region immediately above roof level.
Introduction
The structure of the atmospheric boundary layer above urban areas is of particular interest for air pollution modelling. In urban-scale dispersion models, the lowest portion of the boundary layer is often represented using surface-layer similarity parameterizations. The urban effects are then taken into account by changes of surface roughness and heat flux. Strictly speaking, boundary-layer formulations of this type are only applicable in the inertial sublayer (ISL) well above the building tops. Inside the ISL, turbulent fluxes are approximately constant and for neutral stratification a uniform mean velocity distribution can be found (Plate, 1995) , which is fairly well described by the well-known logarithmic law (in the following referred to as the log law):
with the parameters: displacement height d 0 , roughness length z 0 , shear-stress (friction) velocity u * , and von Kármán constant κ = 0.4. In this paper, the symbols u, v, and w refer to mean values of the along-wind, lateral and vertical velocity components and u , v , and w to the corresponding velocity fluctuations.
In the so-called roughness sublayer (RSL), i.e. the flow region in the immediate vicinity of the urban canopy elements, the flow depends locally on the particular building arrangements and has, therefore, a rather complex structure (Raupach, 1980) . In the vertical, the RSL extends from the surface up to a level at which horizontal homogeneity of the flow is achieved. This occurs at 2 to 5 times the average canopy-element height (Raupach et al., 1991) , and in areas with high buildings, it can occupy a significant part of the urban boundary layer (UBL) where most of the pollution problems occur. Thus, urban air pollution modelling requires also information on flow characteristics within the RSL.
An extensive review of atmospheric turbulence observations over cities has been presented by Roth (2000) . However, there are only a limited number of field observations that deliver information on the mean flow and turbulence characteristics inside the urban RSL. Rotach (1993a Rotach ( , b, 1995 analyzed mean flow and turbulence measurements inside and above an urban street canyon. He found that one of the characteristic features of the RSL is an increase in the absolute value of Reynolds stress, from essentially zero at the average zero plane displacement height up to a maximum value, which he observed at about two times the average building height. Rotach (1999 Rotach ( , 2001 concluded that the maximum value marks the level of transition from the RSL to the ISL, and that the maximum flux values are a good estimate for the friction velocity u * .
Similar Reynolds stress profiles were observed by Oikawa and Meng (1995) at the outer edge of a suburban area (prevailing winds coming from the direction of the built-up area). The profiles peaked at a level 1.5 times the average building heightH . The friction velocity u * was determined from flux measurements at 2.6H , a height that they considered to be above the RSL; this u * value was about 7% lower than the peak value. Feigenwinter et al. (1999) , who measured the Reynolds stress at three levels (z/H = 1.5, 2.1, 3.2) above an urban canopy under neutral conditions, also observed a significant increase of Reynolds stress between
